INTRODUCTION {#sec1-1}
============

Air pollution from iron- and steel-making operations has always been an environmental concern. These pollutants, including particulate matters (PMs) such as soot and dust that may contain iron oxides, have been the focus of controls. Some effects are immediate while others may take years and even decades to develop. Changes in processes and equipments along with improvement in measures to keep exposures below toxic levels have reduced the risks to the workers. However, these have also introduced new combinations of pollutants and there is always a danger of accidents, fires and explosions.\[[@CIT1][@CIT2]\]

In order to evaluate the indoor air pollution as well as the health of the workers, a cross-sectional project was conducted in Beam Rolling Mills Factory, Ahvaz-Iran, 2003-2005. The Beam Rolling Mills Factory has two production lines: 630 and 650, with a nominal capacity of 190 000 and 195 000 tons/year, respectively, and is capable of producing various types of beams. There are two lines: 630 and 650, and both of them are similar. However, there are differences in calibration of grindings and number of stands. The diameter of grinding for stand one in line 630 is 630 mm and that of line 650 is 650 mm. There is only one furnace with a capacity of 40 tons in line 630, whereas in line 650 there are two furnaces with a capacity of 20 and 40 tons. Production line 630 has a physical area of 650 m^2^, which is more than line 650. In line 650, there are six stands (rolling machines), while in line 630 there are five stands. In line 650, stands 1, 2, 3, 4, 5, 6 and 7 carry out five, two, three and one pass, whereas in line 630, stands 1, 2, 3, 4, 5 and 6 carry out five, three, three and one pass, respectively \[[Figure 1](#F0001){ref-type="fig"}\]. The process of production lines 630 and 650 are illustrated as follows:\[[@CIT3]\]

![Comparison of mean value of RPM concentrations with NIOSH standard for 8 hrs. In Line 630](IJOEM-12-71-g001){#F0001}

Because the process of iron and steel production consumes energy, fuel, raw materials (i.e., steel billets, etc.) and water therefore this process leads to the production and emission of airborne pollutants throughout the workplace and threatens the health of the workers. In other words, due to the existence of air conditioners in these plants, they can be regarded as an additional reason for the emission of air pollutants into the outdoor. As a result, they threaten the health of the inhabitants who live around these plants. This causes direct and indirect damages to humans, plants and animals. Epidemiological studies have shown that PM air pollution is associated with cardiovascular mortality and morbidity, especially particles with aerodynamic diameters under 2.5 µm (PM~2.5~). Recent studies have shown an association between PM pollution and autonomic functions, including heart rate (HR), blood pressure and HR variability. However, the association and linking mechanisms have not been clearly demonstrated in animal studies.\[[@CIT4][@CIT5]\]

MATERIALS AND METHODS {#sec1-2}
=====================

Stratified sampling has been used to draw the samples, each station being considered as a stratum with proportional allocation. The National Institute for Occupational Safety and Hygiene (NIOSH) no. 550 was used for the determining the RPM concentrations in the Beam Rolling Mills Factory. Sampling schedule was dependent on the process of production in the Beam Rolling Mills Factory. In a period of 8 h, four samples of RPM were taken from each sampling station.\[[@CIT6]\]

Production lines 630 and 650 have been divided into 20 stations. The RPM is considered in indoor production lines of the location of RPM sampling stations.\[[@CIT7]\]

Calibration of flow rate pump was carried out with an electronic bubble meter (Dry cal DC-Lit Bios, SKC Model, London, England) and a curved line of calibration was obtained (0.178 + 0.768X). During sampling from the workers' breathing area, climatic parameters (temperature, relative humidity and air pressure) were recorded. Samples were collected using a low-volume sampling pump (SKC Model, London, England) operated at a flow rate of 2 l/min-1 on membrane filters with a pore size 0.5 µm and a diameter of 37 mm.

In production line 650, the number of RPM concentrations was 20 samples with the number of replications being four times in a duration of 8 h. In line 630, the number of RPM concentrations was 20 samples with the number of replications being four times for 0the same duration.\[[@CIT6]\]

The RPM was determined using an analytical balance with 0.01 mg precision e=0.001gr, d=o.oo1gr. Hague, Switzerland.

RESULTS {#sec1-3}
=======

As shown in [Table 1](#T0001){ref-type="table"}, the mean concentrations of RPM in production line 650 were significantly different from the NIOSH standard (vis. 3 mg/m^3^, *P* \< 0.05 *t*-test).

###### 

Comparison of the Mean Value of RPM[\*](#T000F1){ref-type="table-fn"} Concentrations of Separation in Lines 630 and 650 with the NIOSH Standard for 8 h in terms of mg/m^3^

  Source     Sampling size   Mean   Standard deviation   *P*-value   95% CI   
  ---------- --------------- ------ -------------------- ----------- -------- ------
  Line 630   80              3.09   ± 1.43               0.76        2.52     3.85
  Line 650   80              3.78   ± 1.03               0.03        3.48     5.04

Respiratory particulate matter (RPM) *P* \< 0.05; The National Institute for Occupational Safety and Hygiene (NIOSH) standard = 3 mg/m^3^; Statistical method (*t*- test); Confidence interval (CI)

The maximum RPM concentrations \[Figures [2](#F0002){ref-type="fig"} and [3](#F0003){ref-type="fig"}\] are from the saw station cabin shown in line 630 (7.64 mg/m^3^) and the minimum are from the four stations in line 650 (1.65 mg/m^3^).

![Comparison of mean value RPM concentrations with NIOSH standard for 8 Hours in Line 650](IJOEM-12-71-g002){#F0002}

![Map 1 location evaluation mean value of RPM concentrations in lines 630 and 650](IJOEM-12-71-g003){#F0003}

DISCUSSION {#sec1-4}
==========

There are significant differences between the mean value of RPM concentrations of separation in lines 630 and 650 and the NIOSH standard \[[Table 1](#T0001){ref-type="table"}\].

There are differences in calibrations and number of stands in lines 630 and 650. In final mills actions in line 650, there are four working stands and saw machines, whereas in line 630, there are only three working stands and one saw machine. As a result, the average of the RPM concentrations in line 650 (3.78 mg/m^3^) is higher than that of line 630 (3.09 mg/m^3^), with 95% confidence interval. In saw cabin station number 1 of line 650 (6.37 mg/m^3^), a maximum concentration was found because of four saw machines used for iron cutting and were located around station 13. A high speed of the saws generates a high air velocity causing air turbulence, due to which the dust does not settle fast. Saw cabins are located above saws that are air conditioned. The inlet fan sucks the air with a high RPM and pushes it into the cabin. Therefore, particulate pollutants are released into the work environment. In [Figure 2](#F0002){ref-type="fig"}, it was illustrated that there is a maximum RPM concentration in the Billet rejector station in line 630 (7.64 mg/m^3^), as station Billet rejector carries out the peel action on metal and primary stands. Stand one carries out five passes on the soft metal that makes primary beams. As this station is located near the door of the billet storage and transport place, the pollution load in this station is more than in the other stations. The above stations are near the melting furnace of line 630. Production Processing results in emission of some PMs Differences between lines 630 and 650 are as follows:

1.  The distance among stands in line 650 is less than that of line 630.

2.  The area of production in line 650 is one third of the area of line 630 (650 m^2^).

3.  Production line 650 is in the vicinity of the Rod and Mills Factory.

4.  Production line 650 is in the proximity of the main road and there are light and heavy transports.

5.  The maximum concentration of RPM is in the saws cabin because line 650 produces beams with sizes 14 and 18 mm, while line 630 produces beams of 10 and 12 mm.

6.  Light and heavy transport with the discharge of waste is observed.

[Table 2](#T0002){ref-type="table"} and [Figure 3](#F0003){ref-type="fig"}, map no. 1 in line 630 show 50, 35, 5, 5 and 5% mean value of concentrations in comparison with the NIOSH standards i.e., 10, seven, one, one and one stations were at safe, risk, hazard and hazardous levels, respectively.

###### 

Location and evaluation of the mean value of respirable particulate matter concentrations in line 630

  Location          No. of stations   \%
  ----------------- ----------------- -----
  Safety level      10                50
  Risk level        7                 35
  High-risk level   1                 5
  Hazard level      1                 5
  Hazardous         1                 5
  Total             20                100

[Table 3](#T0003){ref-type="table"} and [Figure 3](#F0003){ref-type="fig"}, map no.1 for line 650 illustrate 10% mean value of concentrations, i.e., two stations were at safe level, 45% (nine stations) were at risk level, 30% (six stations) were at high-risk level and 15% (three stations) were in hazard level.\[[@CIT8]\]

###### 

Location and evaluation of the mean value of respirable particulate matter concentrations in line 650

  Location          No. of stations   \%
  ----------------- ----------------- -----
  Safety level      2                 10
  High-risk level   6                 30
  Hazard level      3                 15
  Hazardous         \-                \-
  Total             20                100

Therefore, production line 650 has a higher risk than production line 630.

My sincere thanks to Mr. Ahmad Rasouly, Director, Dr. Bijan Mombani, Chief of Health, Safety and Environmental (HSE), Mr. Alireza Shalbafi, Head of Beam Rolling Mills, Mr. Masoud Lahijanzadeh, Manager of Environmental and Mr. Azad Head of Researcher Committee, Iran National Steel Industrial Group, Ahvaz, Iran for permitting us and helping us while working in their factories.

**Source of Support:** Nil

**Conflict of Interest:** None declared
